The inductively coupled plasma is a promising excitation source for the simultaneous multielement determination of trace (nanogram per milliliter) elements in biological fluids. As little as 25 tl of sample fluid (whole blood, serum, or plasma) has been used, with essentially no sample preparation. This technique offers significant advantages over other methods requiring considerable sample handling that may greatly increase the danger of contamination or loss of trace constituents. The precision of the method is typically ±3 to 5%. Because this is an emission spectroscopic technique, a multichannel directreading spectrometer allows simultaneous multietement analyses to be made on microliter samples.
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It is becoming increasingly important in health care programs to know the concentrations of biologically essential elements in normal subjects and to be able to measure accurately the smallest deviation that is significant with respect to diseases. Hitherto Several techniques have been suggested for determining trace elements in biological fluids, but all fail to meet one or more of the above criteria. X-ray fluorescence (1, 2) and conventional emission spectroscopic (3-9) methods, in which dc arc or spark excitation are used, cannot determine some of the possibly important trace elements at the concentrations normally encountered in biological samples without prior chemical enrichment, and they may not be sufficiently accurate and precise.
Neutron activation techniques (10) usually require a nuclear reactor, (a neutron generator can be used for some) and a long irradiation time is needed before some elements can be determined.
Before the required sensitivity can be attained, chemical separations are often necessary to remove interferences.
Although flame atomic absorption spectroscopy (11-20) is a specific and sensitive method that is relatively free from interelement interferences, this technique is basically suitable for the measurement of only a single element at a time. For example, the determination of 10 trace metals in a small sample of biological fluid is not only time-consuming but may be impossible because the sample is consumed before even a few elements can be determined.
Although it is possible in principle to perform simultaneous multielement determinations by either atomic absorption or fluorescence techniques, the systems so far proposed have achieved only limited success.
Inductively-coupled plasma excitation sources, used in conjunction with conventional emission spectrometers, fulfill all of the above criteria exceptional- ly well (21) (22) (23) (24) (25) . Before discussing the application of these sources to biological fluids, it is appropriate to describe briefly the plasma itself. 1 In an inductively-coupled plasma generating system, an induction coil surrounds a quartz tube about 2.5 cm in diameter, through which argon gas flows.
A typical plasma tube assembly is shown in Figure  1 . so that it flows spirally up the tube. This flow cools the walls, keeps the plasma away from the walls, and also creates a low-pressure zone in the axial channel of the tube.
In addition to the tangential stabilizing flow, a second inlet carries a flow of about 1 to 2 liters of argon per minute for the introduction of sample aerosols into the plasma. If the plasma is generated at frequencies of about 30 MHz, the eddy current flows in closed paths closer to the outer surface of the plasma, causing a slightly cooler zone along the axial channel.
This incipient cooler "doughnut hole" in the center of the plasma can then be further developed by optimizing the flow velocity of the carrier gas, which injects or blows the suspended aerosol into the plasma.
The degree to which the plasma takes the shape of a toroid can be controlled by the frequency of the generator and by the orifice design and gas-flow velocity of the sample-injection system. The sample is injected into the center of the toroidal plasma, thus avoiding sample rejection, a serious problem with some plasmas (29, 30).
After injection into the plasma, the aerosol particles are heated to a temperature of about 9000#{176}K, primarily by radiation and conduction from the hot gases surrounding the axial channel of the plasma. At these temperatures, the aerosol particles are de- 1 In the context used here, a plasma is a luminous gas in which a significant fraction (>1%) of its atoms or molecules are ionized. 
Experimental Facilities and Procedure
The experimental equipment and conditions used are summarized in Table  2 . A highly schematic drawing of the sample introduction system is shown in Figure 2 is observed first and then a sample peak, followed by the background signal from the blank solution. Although integration of the peak signal would probably provide better results, the use of peak height measurements was satisfactory and the latter method was used in all of the studies reported in this communication.
Glass results of the analysis of a sample of horse blood for six elements (Table 3) compare favorably with the values listed as normal, although the normal values are for human blood. The estimated detection limits for the direct nebulization of 25-al samples of undiluted blood are also included in Table 2 . When 150-200 a1 samples are nebulized directly, there is a fivefold improvement in the detection limit as a result of the increased signal duration. Figure 6 illustrates the determination of Cu in whole blood when 25-a1 aliquots of a 10-fold diluted blood sample were nebulized. The copper concentration in the sample of normal blood was determined to be 0.92 g/ml, the concentration in the abnormal blood sample (from a leukemic patient with a leukocyte count of about 85,000 per mm3) was 1.92 ag/ml.
Results and Discussion
The peak height recordings shown in Figure 7 represent typical reproducibilities obtained for the direct nebulization of 25-a1 volumes of undiluted blood. For these seven replicates the coefficient of variation was about 5%. For a similar study involving the direct nebulization of 100-al volumes, the coefficient of variation was decreased to about 3%.
The high electrolyte concentrations present in blood tend to enhance the signal (Figure 8) . From standard addition experiments the original blood sample (recording in the center of Figure 8 ) was determined to be 0.017 g of Al per milliliter. Thus the total Al content in the 0.020 ag/rnl addition standard was 0.037 g of Al per milliliter. The signal observed for this addition standard is almost twice the signal obtained from aqueous solution containing 0.05 g of Al per milliliter, even though it contains 26% less Al. For the analyses of diluted whole blood and serum, this enhancement effect is accommodated in the calibrations if synthetic standards containing a total electrolyte concentration approximating that found in normal serum are used. This approach has not been found acceptable for the direct analysis of undiluted whole blood, probably because of differences in the physical properties, such as viscosity and surface tension, between water and blood. The data presented above show that emission spectrometric techniques combined with an inductively-coupled plasma excitation source can provide rapid analytical results for major and trace concentrations of metals in biological fluids, even though only a very limited volume is available. Although all of the data presented were obtained with a single-channel spectrometer, the extension of the technique to simultaneous multielement analysis by using a multichannel direct-reading spectrometer is obvious. With an automated sample-handling capability, such a system should permit the determination of 20 or more major and trace elements in microliter volumes at the rate of one sample every 15 to 30 s.
